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(54) PTC RESISTOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an element with 
superior stability by improving the sintering ability of a 
PTC resistor, for which V203 is a main component and 
lanthanoid is added, preventing degradation due to a 
thermal cycle. 

SOLUTION: To this PTC resistor, for which at least one 
element among the lanthanoid is added to V203, 0.1-25 
wt.% of at least one kind from among Fe, Co, Ni, Cu an 
Sn and 0.1-10 wt.% of at least one kind from among Mo 
and W are further added. Thus, the sintering ability is 
improved, the coarsening of a particle size is 
suppressed, and the PTC resistor of V203 group 
ceramics of high strength is obtained. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The PTC resistor further characterized by adding at a time the metal dissolved with 
the burning temperature of a PTC resistor, and at least one kind of metal which is not dissolved 
as an accessory constituent in the PTC resistor of the vanadium-oxide system ceramics which 
makes the PTC property that the temperature dependence of resistance changes suddenly by 
using a vanadium oxide as a principal component and adding at least one element to this among 
lanthanoidses as an accessory constituent discover. 

[Claim 2] The PTC resistor according to claim 1 characterized by adding a kind at least among 
molybdenum and a tungsten as a metal which is not dissolved with a kind at least as a metal 
dissolved with the burning temperature of a PTC resistor from the inside of iron, cobalt, nickel, 
copper, and tin. 

[Claim 3] from the inside of iron, cobalt, nickel, copper, and tin — at least — a kind — a sintered 

compact — receiving — the inside of 0.1 - 25wt%, molybdenum, and a tungsten — at least — a 

kind — 0.1 - 10wt% — the PTC resistor according to claim 2 characterized by adding. 

[Claim 4] The PTC resistor according to claim 1 to 3 characterized by containing the oxide of at 

least one element in a dysprosium, a holmium, an erbium, a thulium, an ytterbium, and a lutetium 

in 0.01 - 30% of range by the molecular weight ratio to the sum with a vanadium oxide as a 

lanthanoids. 

[Claim 5] The PTC resistor according to claim 1 to 3 characterized by containing the oxide of at 
least one element in a lanthanum, a cerium, a praseodymium, neodymium, a promethium, 
samarium, europium, a gadolinium, and a terbium in 1 - 30% of range by the molecular weight 
ratio to the sum with a vanadium oxide as a lanthanoids. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the PTC resistor of the vanadium-oxide (it is 
described as V2 03 below) system ceramics with a forward temperature coefficient of 
resistance. 
[0002] 

[Description of the Prior Art] In recent years, the overcurrent which flows when large capacity- 
ization progresses also in a low voltage power distribution system and a load short-circuits in 
connection with it is also high-currentHzed, and high breaking capacity-ization is desired also 
about the breaker. It corresponds to such a technical trend and is V2 03 as an overcurrent- 
protection component a high current and for large power. Use of the PTC resistor element which 
uses the system ceramics as a principal component is expected. 

[0003] Artificers are V2 03 previously. A dysprosium (Dy), a holmium (Ho), V2 03 of the 
lanthanoidses, such as an erbium (Er) and a thulium (Th), which added a kind at least The 
resistivity of the system ceramics It applied to 100-150 degrees C, increased gently, increased 
rapidly from the room temperature about double figures near 100-150 degree C (this 
temperature that changes suddenly is called transition temperature), and became a peak in 150- 
200 degrees C, and the temperature beyond it showed having the property to fall. [Japanese 
Patent Application No. 8-260418] The ratio of the resistivity after this sudden change and that 
before sudden change is called a PTC scale factor, the amount of the lanthanoids oxide under 
NAO and presentation — V2 03 ] molecular weight % (it is described as mol % below) to the sum 
— it is — [ — that is, % showed x when expressing 2 (V1-X LnX)03. Moreover, the amount of 
metallic elements, such as Sn, is the amount contained in a sintered compact as a returned 
metal since it is returned while an oxide calcinates Weight % (it is described as wt%.) mass % 
being the same — it was shown. 

[0004] Especially in the thing which contains the oxide of at least one element in a dysprosium 
(Dy), a holmium (Ho), an erbium (Er), a thulium (Tm), an ytterbium (Yb), and a lutetium (Lu) as a 
lanthanoids, it is checked that a PTC property is discovered by addition of a minute amount, and 
it is V2 03. The range of 0.01-30 mol % was suitable to the sum. The manifestation device of a 
PTC property is considered to be based on formation of the solid solution (V1-X LnX) 203 
(Ln=Dy, Ho, Er, Tm, Yb, Lu). 

[0005] Moreover, the range of 1 - 30 mol % was suitable what contains the oxide of at least one 
element in a lanthanum (La), a cerium (Ce), a praseodymium (Pr), neodymium (Nd), a promethium 
(Pm), samarium (Sm), europium (Eu), a gadolinium (Gd), and a terbium (Tb) as a lanthanoids. It 
checked it having been discovered depending on 1% or more of addition, and having shifted these 
elements to many range from the optimum dose range of the lanthanoids after Dy on the whole, 
although a PTC property is not discovered in addition of a minute amount. The manifestation 
device of a PTC property is considered to be based on formation of the perovskite compound 
LnV03 (Ln=La, Ce, Pr. Nd, Pm, Sm, Eu, Gd, Tb). 

[0006] V2 03 which has such a property If a big current is passed to the system ceramics, 
temperature rises by joule generation of heat, and it can consider as the ** style component 
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which controls an overcurrent using resistance increasing and a current being restricted. In order 
to use as a ** style component, it is desirable for 5 or more times and transition temperature to . 
be 100-200 degrees C for a PTC scale factor in general. If a PTC scale factor is 5 or more 
times, after transition, a current will become 1/5 or less, and 1/25 or less will be it as power. 
[0007] 

[Problem(s) to be Solved by the Invention] However, the V2 03 system ceramics of this 
lanthanoids which added a kind at least had the low degree of sintering, and it was difficult to 
obtain the sintered compact of high density. And the mechanical strength was low and there was 
a problem that the resistivity in a low resistance condition was high. Furthermore, whenever it 
repeated the rising and falling temperature between a room temperature and the temperature 
more than transition temperature, there was a problem that a PTC scale factor fell. This is 
considered that a thermo cycle twists for a micro crack to occur inside a sintered compact 
Generating of this micro crack is adjacent V2 03. It reduces the contact cross section of 
system crystal grain, and the internal stress of a sintered compact is eased, transition 
temperature is raised, and it reduces a PTC scale factor, and it not only gathers the resistivity in 
a low resistance condition, but becomes the cause of degradation of a PTC property. 
[0008] Moreover, the discontinuous change corresponding to transition temperature occurs in 
coefficient of linear expansion under the effect of the micro crack accompanying this transition. 
The abnormality behavior of this thermal expansion becomes the cause which weakens the 
thermal shock resistance to the thermal stress which makes the glass coat for antioxidizing 
difficult, and is generated with rapid energization heating etc. It is made in order that this 
invention may solve an above-mentioned trouble, and the purpose raises a degree of sintering, 
and it is V2 03 of high intensity. While obtaining the system ceramics, there is also neither 
abnormalities of the resistivity temperature characteristic nor generating of a hysteresis, and it 
is in offering the PTC resistor by which the property of not deteriorating in a thermo cycle was 
stabilized. 
[0009] 

[Means for Solving the Problem] This invention is V2 03 because of the above-mentioned 
technical-problem solution. By considering as a principal component and adding at least one 
element to this among lanthanoidses as an accessory constituent V2 03 which makes the PTC 
property that the temperature dependence of resistance changes suddenly discover In the PTC 
resistor of the system ceramics A kind shall be further added [ from ] at least among a kind, and 
molybdenum (Mo) and a tungsten (W) as an accessory constituent among iron (Fe), cobalt (Co), 
nickel (nickel), copper (Cu), and tin (Sn). 

[0010] Each of Fe, Co, nickel, Cu(s), and Sn is V2 03. It is V2 03 by adding a kind at least, since 
it dissolves under the burning temperature of the system ceramics, and an ambient atmosphere. 
It exists as the liquid phase of a metal simple substance between system crystal grain, and is V2 
03. Improvement in the degree of sintering of system crystal grain is brought about. Moreover,. it 
sets to the sintered compact obtained after baking, and the above-mentioned addition metal is 
V2 03. It exists in the grain boundary of system crystal grain, and the resistivity in a low 
resistance condition is reduced. 

[001 1] However, V2 03 which added the above-mentioned metal It sets to the system ceramics 
and is V2 03 in improvement in a degree of sintering. Big and rough-ization of system crystal 
grain may arise. A micro crack may be induced, when a mechanical strength falls again by big and 
rough-ization of this crystal grain and transition is repeated. As a cure of the micro crack at the 
time of transition, it is good to add Mo or W. These metals are oxidation V2 03. It sets under the 
burning temperature of the system ceramics, and an ambient atmosphere, and is V2 03 as solid 
phase of the particle of a metal simple substance. It can exist between system crystal grain, 
grain growth of crystal grain can be controlled, and big and rough-ization can be prevented. This 
can protect degradation of the PTC property by the thermo cycle. Furthermore, the fall of a 
mechanical strength is prevented by big and rough-ization of crystal grain, and the thermal shock 
resistance to the thermal stress generated with rapid energization heating etc. is raised. 
[0012] especially — from the inside of iron, cobalt, nickel, copper, and tin — at least — a kind - 
- a sintered compact — receiving — the inside of 0.1 - 25wt%, molybdenum, and a tungsten 
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at least — a kind — 0.1 - 10wt% — it shall add When there is no improvement in a degree of 
sintering when there are few a kind of additions of iron, cobalt nickel, copper, and the tin at least 
than 0.1wt(s)%, and exceeding 25wt%, the maximum of the resistance in a PTC property falls 
remarkably, and a PTC scale factor decreases. 

[0013] When there are few a kind of additions of W and the Mo at least than 0.1 wt%, the 

effectiveness of particle-size control is not enough, and when exceeding 10wt%, the maximum of 

resistance falls and a degree of sintering also falls. The oxide of at least one element in Dy, Ho, 

Er, Th, Yb, and Lu shall be contained in the range of 0.01-30 mol % as a lanthanoids. 

[0014] It checked that a PTC property discovered the oxide of these elements by addition of a 

minute amount. A PTC property was not seen in addition exceeding 30 mol %. The manifestation 

device of a PTC property is considered to be based on formation of the solid solution (V1-X 

LnX) 203 (Ln=Dy, Ho, Er, Tm, Yb, Lu). Moreover, at least one oxide in La, Ce, Pr, Nd, Pm, Sm, 

Eu, Gd, and Tb may be contained in the range of 1-30 mol % as a lanthanoids. 

[0015] It checked it having been discovered depending on 1% or more of addition, and having 

shifted these elements to many range from the optimum dose range of the lanthanoids after Dy 

on the whole, although a PTC property is not discovered in addition of a minute amount. The 

manifestation device of a PTC property is considered to be based on formation of the perovskite 

compound LnV03 (Ln=La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb). 

[0016] 

[Embodiment of the Invention] V2 03 The oxide (oxidization lutetium Lu 203 and lanthanum 
trioxide La 203) tin oxide Sn02 of the lanthanoids of which weighing capacity and preparation 
were done so that it might become the presentation shown in Table 1 at powder, ferrous oxide 
Fe 203, and tungstic oxide W03 etc. — powder was added and preferential grinding was carried 
out with the wet ball mill for 12 hours. Pressing of the obtained fine particles is carried out, and 
it calcinates at 1600 degrees C among hydrogen for 1 hour, and is V2 03. The system ceramics 
was produced. In addition, as stated previously, the amount of the lanthanoids oxide under 
presentation is V2 03. It is mol % to the sum and the amount of metallic elements, such as Sn, 
showed the amount contained in a sintered compact as a returned metal at wt% (the same is 
said of the mass %). 
[0017] 
[Table 1] 
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[0018] Thus, about the obtained sintered compact, density measurement and particle-size 
measurement by the scanning electron microscope were performed. The result of the baking 
consistency to theoretical density and particle size was summarized in Table 1. The property of 
the sample which lacks a kind of Sn, Fe, and W which were produced similarly, or two sorts as a 
comparison sample was also shown. If the result of density measurement and particle-size 
measurement is seen, the consistency will improve by adding Sn or Fe. This is addition of Sn or 
Fe and is considered that the degree of sintering improved. On the other hand, addition of Sn or 
Fe is V2 03* so that the comparison samples 1 and 2 of Table 1, 3, the comparison samples 4 
and 5, and the difference of 6 may see. Big and rough-ization of system crystal grain is brought 
about. A micro crack may be induced by a mechanical strength falling by big and rough-ization of 
this crystal grain, and repeating transition. 

[0019] however, by the experiment sample which added W further, it is markedly alike from a 
comparison sample, and particle size is small and it turns out that grain growth is controlled. 
Next the resistivity temperature characteristic before and after repeating the thermo cycle from 
a room temperature to 200 degrees C 20 times was measured using 4 terminal method. The 
experiment sample 1 is shown in drawing 1 , and change of the PTC property before and behind 
a thermo cycle is shown in drawing 2 about the comparison sample 1. An axis of ordinate is 
resistivity and an axis of abscissa is temperature. 

[0020] By the comparison sample 1 ( drawing 2 ) of addition of only Lu, the peak value of 
resistivity falls by the thermo cycle, and the PTC scale factor is falling sharply 15 times from 50 
times. On the other hand, by the experiment sample 1 ( drawing 1 ) which added Sn and W other 
than Lu, it turns out that degradation by the thermo cycle is suppressed nearly completely. 
Change of the PTC scale factor before and behind the thermo-cycle trial in other samples is 
also indicated to Table 1. an improvement of the experiment sample 1 since the comparison 
sample 2 which added Sn other than Lu is also falling 15 times more sharply [ a PTC scale 
factor ] from 54 times in Table 1 — mainly — the effectiveness of addition of W — ****** 
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things are understood. This can say also from the comparison with the experiment sample 2 and 
the comparison sample 3 instead of Sn which added Fe. 

[0021] A conclusion with the same said of the comparison with La, Sn, the experiment sample 3 
of W addition, and the comparison sample 5 of the comparison sample 3 of addition of only La, 
La, and Sn addition is obtained. The experiment sample 4 is shown in drawing 3 , and the result 
of coefficient-ofHinear-expansion measurement is shown in drawing 4 about the comparison 
sample 6. Although a discontinuous change and the discontinuous hysteresis of coefficient of 
linear expansion which contract near transition temperature at the time of a temperature up, and 
expand at the time of a temperature fall are seen by the comparison sample 6 ( drawing 4 ), such 
abnormalities are not seen by the experiment sample 4 ( drawing 3 ), and change of coefficient of 
linear expansion is smooth, and does not have most hystereses. 

[0022] In the case of the comparison sample 4 which added only La, it is the perovskite mold 
compound LaV03. It is being generated and existing in a grain boundary, and is V2 03. Although 
internal stress is generated in crystal grain and it causes a PTC property manifestation, a degree 
of sintering is not so good. However, the discontinuous behavior of thermal expansion was not 
seen. The lowness of a baking consistency may be related to that the discontinuous behavior of 
thermal expansion is not seen among comparison samples having [ this comparison sample 4 ] 
small those with ** and diameter of crystal grain. By the comparison sample 6 which added Fe 
other than La, although a degree of sintering improves, grain growth progresses, and behavior 
with an unusual thermal-expansion property comes to be seen like drawing 4 . This is V2 03. Big 
and rough-ization of system crystal grain arises, a mechanical strength falls again, and it is 
thought that the micro crack was induced. 

[0023] By the experiment sample 4 which furthermore added W, with a degree of sintering 
maintained, W plays the role of particle-size control and behavior with an unusual thermal- 
expansion property is no longer seen. The existence of the abnormalities of the coefficient of 
linear expansion of other samples is also indicated in the column of the last of Table 1. 
Abnormalities were looked at by neither by the experiment samples 1-4 which added W. In 
addition, as an amount of Sn and Fe, 0.1 - 25wt% was suitable. It is not desirable, in order that 
the maximum of the resistance in a PTC property may fall remarkably and a PTC scale factor 
may decrease, when there is no improvement in a degree of sintering when there are few 
additions than 0.1wt(s)%, and exceeding 25wt%. As a metal which promotes sintering, Co, nickel, 
and Cu were sufficient besides Sn of Table 1, and Fe. 

[0024] On the other hand, it turned out that Mo other than W is good and the thing of W and the 
Mo for which a kind is added in 0.1 - 10wt% at least is good as a metal for particle-size control. 
0. When fewer than 1wt%, the effectiveness of particle-size control is not enough, and when 
exceeding 10wt%, the fall of the maximum of resistance and the fall of a degree of sintering arise, 
and it is not desirable. 

[0025] The melting point of these addition metals, and W and Mo was shown in Table 2. 
[0026] 
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[0027] Each oxide of Fe, Co, nickel, Cu, and Sn which were added as a submaterial is V2 03. It is 
returned to the bottom of the burning temperature (1300-1800 degrees C) of the system 
ceramics, and an ambient atmosphere (hydrogen), and the returned metal is dissolved. Therefore, 
V2 03 It exists as the liquid phase of a metal simple substance between system crystal grain, 
and is V2 03. It is thought that the degree of sintering of system crystal grain improves. 
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Moreover, it sets to the sintered compact obtained after baking, and the above-mentioned 
addition metal is V2 03. It exists in the grain boundary of system crystal grain, and the resistivity 
in a low resistance condition is reduced. 

[0028] On the other hand, the oxide of Mo and W is V2 03. It is returned to the bottom of the 
burning temperature of the system ceramics, and an ambient atmosphere, and the returned 
metal is not dissolved, but it is V2 03. It exists as solid phase of the particle of a metal simple 
substance between system crystal grain, and is V2 03. Grain growth of system crystal grain is 
controlled and big and rough-ization is prevented. It is thought that the improvement in a degree 
of sintering and the interval by the previous low-melt point point metal were able to have the 
operation which prevents a micro crack, and prevention of the fall on the strength by this big- 
and-rough-izing was able to prevent degradation of the PTC property by the thermo cycle. 
[0029] Thus, the thermal shock resistance to the thermal stress generated with rapid 
energization heating etc. is raised by raising a degree of sintering and considering as the sintered 
compact of high intensity by the fine crystal grain. Moreover, junction into glass coating for 
antioxidizing in the case of applying as a ** style component for power and other ingredients can 
also be performed now without a problem. The same result as Lu and La addition was obtained 
about other lanthanoidses other than Lu and La, such as Ce, Pr, Nd, and Pm. 
[0030] 

[Effect of the Invention] According to [ as stated in detail above ] this invention, it is V2 03. In 
the PTC resistor which considered as the principal component and added at least one element . 
among lanthanoidses from the inside of iron, cobalt, nickel, copper, and tin — at least — a kind - 
- the inside of 0.1 - 25wt%, molybdenum, and a tungsten — at least — a kind 0.1 - 10wt% — 
by adding A degree of sintering is raised, and big and rough-ization of particle size is controlled, 
and it is V2 03 of high intensity. The PTC resistor of the system ceramics is obtained. This PTC 
resistor does not have the abnormalities or hysteresis of coefficient of linear expansion, and 
even if it repeats a thermo cycle, it does not deteriorate. 

[0031] Therefore, this PTC resistor does not have difficulty injunction into coating or other 
ingredients, and a mechanical strength and thermal shock resistance serve as a more excellent 
component 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

• - 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The resistance temperature profile of the experiment sample 1 
[Drawing 2] The resistance temperature profile of the comparison sample 1 



[Drawing 3] The coefficient-of-li near-expansion temperature profile of the experiment sample 1 
[Drawing 4] The coefficient-of-li near-expansion temperature profile of the comparison sample 1 

[Translation done.] 
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[Drawing 1] 




[Drawing 2] 
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[Drawing 4] 
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[Translation done.] 



http://vN^w4jpdl.ncipi.gojp/cgiH3in/tran_web_cgi_eije 



2006/08/16 



